Structural analysis of calmodulin binding by nNOS inhibitory amphibian peptides.
Calmodulin (CaM) is a ubiquitous protein in nature and plays a regulatory role in numerous biological processes, including the upregulation of nitric oxide (NO) synthesis in vivo. Several peptides that prevent NO production by interacting with CaM have been isolated in the cutaneous secretions of Australian amphibians, and are thought to serve as a defense mechanism against predators. In this work, we probe the mechanism by which three of these peptides, namely, caerin 1.8, dahlein 5.6, and a synthetic modification of citropin 1.1, interact with CaM to inhibit NO signaling. Isothermal titration calorimetry was used to determine thermodynamic parameters of the binding interactions and revealed that all the peptides bind to CaM in a similar fashion, with the peptide encapsulated between the two lobes of CaM. Ion mobility-mass spectrometry was used to investigate the changes in collision cross section that occur as a result of complexation, providing additional evidence for this binding mode. Finally, nuclear magnetic resonance spectroscopy was used to track chemical shift changes upon binding. The results obtained confirm that these complexes adopt canonical collapsed structures and demonstrate the strength of the interaction between the peptides and CaM. An understanding of these molecular recognition events provides insights into the underlying mechanism of the amphibian host-defense system.